Context. Starless cores represent a very early stage of the star formation process, before collapse results in the formation of a central protostar or a multiple system of protostars. Aims. We use spectral line observations of a sample of cold dust cores, previously detected with the BLAST telescope in the Vela-D molecular cloud, to perform a more accurate physical and kinematical analysis of the sources. Methods. We present a 3-mm and 1.3-cm survey conducted with the Mopra 22-m and Parkes 64-m radio telescopes of a sample of 40 cold dust cores, including both starless and proto-stellar sources. 20 objects were also mapped using molecular tracers of dense gas. To trace the dense gas we used the molecular species NH 3 , N 2 H + , HNC, HCO + , H 13 CO + , HCN and H 13 CN, where some of them trace the more quiescent gas, while others are sensitive to more dynamical processes. Results. The selected cores have a wide variety of morphological types and also show physical and chemical variations, which may be associated to different evolutionary phases. We find evidence of systematic motions in both starless and proto-stellar cores and we detect line wings in many of the proto-stellar cores. Our observations probe linear distances in the sources > ∼ 0.1 pc, and are thus sensitive mainly to molecular gas in the envelope of the cores. In this region we do find that, for example, the radial profile of the N 2 H + (1 − 0) emission falls off more quickly than that of C-bearing molecules such as HNC(1 − 0), HCO + (1 − 0) and HCN(1 − 0). We also analyze the correlation between several physical and chemical parameters and the dynamics of the cores. Conclusions. Depending on the assumptions made to estimate the virial mass, we find that many starless cores have masses below the self-gravitating threshold, whereas most of the proto-stellar cores have masses which are near or above the self-gravitating critical value. An analysis of the median properties of the starless and proto-stellar cores suggests that the transition from the pre-to the proto-stellar phase is relatively fast, leaving the core envelopes with almost unchanged physical parameters.
Introduction
Starless cores represent a very early stage of the star formation process, before collapse results in the formation of a central protostar or a multiple system of protostars. The physical properties of these cores can reveal important clues about their nature. Mass, spatial distributions, and lifetime are important diagnostics of the main physical processes leading to the formation of the cores from the parent molecular cloud.
In the past, (sub)millimeter continuum surveys performed with ground-based instruments have probed the Rayleigh-Jeans tail of the spectral energy distribution (SED) of these cold objects, far from its peak and, at short submillimeter wavelengths, have been affected by low sensitivity due to atmospheric conditions. Therefore, these surveys have been limited by their sensitivity or by their relative inadequacy to measure the temperature (e.g., Motte et al. 1998) , producing large uncertainties in the derived luminosities and masses. Recent surveys with the MIPS instrument of the Spitzer Space Telescope are able to constrain the temperatures of warmer objects (Carey et al. 2005) , but the youngest and coldest objects are potentially not detected, even in the long-wavelength Spitzer bands.
On the other hand, the more recent surveys with both the BLAST ("Balloon-borne Large-Aperture Submillimeter Telescope", Pascale et al. 2008) and Herschel telescopes (see, e.g., Netterfield et al. 2009 , Olmi et al. 2009 , Molinari et al. 2010 have demonstrated the ability to detect and characterize cold dust emission from both starless and proto-stellar sources, constraining the low temperatures of these objects (T < ∼ 25 K) using their multi-band photometry near the peak of the cold core SED. The bolometric observations alone, however, cannot fully contrain the dynamical and evolutionary status of the cores. Spectral lines follow-ups are necessary in order to investigate the physical, dynamical and chemical status of each detected core. BLAST has identified more than a thousand new starless and proto-stellar cores during its second long duration balloon science flight in 2006. BLAST detected these cold cores in a ∼ 50 deg 2 map of the Vela Molecular Ridge (VMR) (Netterfield et al. 2009 ). The VMR (Murphy & May 1991 , Liseau et al. 1992 ) is a giant molecular cloud complex within the galactic plane, in the area 260
• < ∼ l < ∼ 272
• and −2
• < ∼ b < ∼ 3
• , hence located outside the solar circle. Its main properties have been recently revisited by Netterfield et al. (2009) and Olmi et al. (2009) .
In particular, Olmi et al. (2009) used both BLAST and archival data to determine the SEDs and the physical parameters of each source detected by BLAST in the smaller region of Vela-D (see Figure 1 ), where observations from IR (Giannini et al. 2007 ) to millimeter wavelengths ) were already available. Olmi et al. (2010) then used the spectral line data of Elia et al. (2007) to perform a first analysis of the dynamical state of the cores toward Vela-D. They found that ∼ 30−50% of the BLAST cores are gravitationally bound, and that a significant number of cores would need an additional source of external confinement.
In this work we will use spectral line observations, both single-points and maps, of a sample of BLAST sources from Vela-D to perform a more accurate physical and kinematical analysis of the starless and proto-stellar cores. This paper is thus organized as follows: in Section 2 we describe the selected targets and molecular lines. In Section 3 we present the results of the analysis of the observed molecular line spectra and maps, describing the derived physical and kinematical parameters. We then further discuss these results in Section 4 and conclude in Section 5.
Observations and archival data

Targets and lines selection
The observations were performed in June 2009 with the Mopra and Parkes telescopes of the Australia Telescope National Facility (ATNF). Although originally our aim was to observe all sources in the catalog of Olmi et al. (2009) , because of time constraints we were able to observe a total of 40 sources at Mopra and 22 sources at Parkes, in either mapping or single-pointing mode (or both, see Table 1 and Figure 1 ). We have selected an almost equal number of starless (19) and proto-stellar (21) cores where, following Olmi et al. (2009) , we define the BLAST cores as proto-stellar when they turned out to be positionally associated with one or more MIPS sources at 24 µm, and starless otherwise. Each sub-sample is composed by objects that present increasing temperature and different morphology. This selection criterion is quite arbitrary but aimed at identifying different evolutionary stages within each sub-sample.
In order to probe the dense and cold gas detected by BLAST toward the cores in Vela-D we needed appropriate molecular tracers. We thus selected several rotational transitions with low quantum numbers to be observed at Mopra in the 3-mm band, and we also observed the NH 3 (1,1) and (2,2) inversion lines with the Parkes telescope. In the following sections, our analysis will be based on the ammonia lines and on the main spectral lines observed at Mopra, i.e., N 2 H + (1 − 0), HCN(1 − 0), HNC(1 − 0) and HCO + (1 − 0) (and two of their isotopologues, see Table 2 ). This choice of molecular tracers ensured that we would be able to trace the dense as well as the more diffuse gas, and we would also be able to detect molecular outflows. Furthermore, these molecules should also be able to give out clues about the different chemical states of the sources.
Mopra
During the spectral line mapping or single-pointing mode observations with the Mopra telescope the system temperatures were typically comprised in the range ∼ 170 − 280 K and we reached a RMS sensitivity in T ⋆ A units of about ∼ 30 − 40 mK after rebinning to a 0.22 km s −1 velocity resolution. The beam full width at half maximum (FWHM) was about 38 arcsec and the pointing was checked every hour by using an SiO maser as a reference source. Typically, pointing errors were found to be ∼ 5 − 10 arcsec. 
Notes.
(a) We follow the source numbering (0 to 140) defined by Olmi et al. (2009). (b) "SP" stands for single-point observation and "M" stands for map.
The parameter η mb to convert from antenna temperature to main-beam brightness temperature has been assumed to be 0.44 at 100 GHz and 0.49 at 86 GHz (Ladd et al. 2005) . The Mopra spectrometer (MOPS) was used as a backend instrument in its "zoom" mode, which allowed to split the 8.3 GHz instantaneous band in up to 16 zoom bands; each sub-band was 137.5 MHz wide and had 2×4096 channels. The single-point observations were performed in position-switching mode, whereas the spectral line maps, of size mostly 3 × 3 arcmin 2 , were obtained using the Mopra on-the-fly mapping mode, scanning in both right ascension and declination.
The most intense lines observed were N 2 H + (1 − 0), HCN(1 − 0), HNC(1 − 0) and HCO + (1 − 0). These lines are all good tracers of dense gas, and are also often used to detect velocity gradients. N 2 H + is known to be more resistant to freeze-out on grains than the carbon-bearing species. HNC is particularly prevalent in cold gas (Hirota et al. 1998) , while HCO + often shows infall signatures and outflow wings. These strong lines can all be optically thick and thus two isotopologues, H 13 CO + and H 13 CN, were also observed to provide optical depth and line profile information. Unfortunately, their intensity was in general too weak to allow derivation of column densities throughout the maps and other useful physical and kinematical parameters, and thus most of our analysis will be based on the four most intense molecular tracers.
Parkes
A total of 22 sources where observed with the Parkes telescope in single-pointing mode (see Table 1 ), and only one source (BLAST063) was mapped using the NH 3 (1,1) and (2,2) transitions 1 . The system temperatures were typically ∼ 40 − 50 K and we reached a RMS sensitivity in T ⋆ A units of ∼ 10 mK after re-binning to a ≃ 0.2 km s −1 velocity resolution. The beam FWHM was about 1.3 arcmin and the pointing errors were found to be < 20 arcsec. The Parkes Multibeam correlator, in single-beam high resolution mode, was used as a backend. A simultaneous band of 64 MHz was observed, with a total of 8192 channels, which allowed to observe the NH 3 (1,1) and (2,2) lines within the same bandwidth.
BLAST
BLAST is a 1.8 m Cassegrain telescope, whose underilluminated primary mirror has produced in-flight beams with FWHM of 36 ′′ , 42 ′′ , and 60 ′′ at 250, 350, and 500 µm, respectively. More details on the instrument, calibration methods and map-making procedure can be found in the BLAST05 papers Pascale et al. (2008) , Patanchon et al. (2008) , and Truch et al. (2008) .
The Vela-D region, shown in Figure 1 and defined by Olmi et al. (2009) as the area contained within 262.
• 80 < l < 264.
• 60 and −1.
• 15 < b < 1.
• 10, was part of a larger map of the Galactic Plane obtained by BLAST toward the VMR (Netterfield et al. 2009 ). In Vela-D Olmi et al. (2009) found a total of 141 sources, both starless and proto-stellar, and in the next sections we will follow the source numbering (0 to 140) defined by these authors.
Results
In this section we will discuss the derivation of various physical parameters such as column density, mass and kinetic temperature, that are fundamental for the analysis of the sources. We will also analyse the kinematics of the sources, determining velocity gradients and line asymmetries. The estimate of the virial masses will also allow us to determine which sources are currently gravitationally bound and which are not.
Morphological characteristics of spectral line maps
The spectral line data and maps were reduced and analyzed using the standard IRAM package CLASS, and the XS package of the Onsala Space Observatory. The single-point spectra obtained with the Mopra telescope towards the nominal position of the BLAST cores are shown in Figures B.1 to B.7 of the Appendix. The peak intensities of the detected lines, or the spectrum RMS in case of no detection, are listed in Table 3 . Tables C.1 to C.4 in the Appendix list several physical and kinematical parameters of the sources.
The multi-line integrated intensity maps obtained at Mopra, with the most significant SNR, are shown in Figure A .1 to A.4 of the Appendix, where the white contours represent the BLAST emission at 250 µm. One can see that in general the line emission follows the dust continuum emission, even when the emission is more diffuse and filamentary as observed, for example, in source BLAST063. But we also note that in several sources (for example, BLAST055, BLAST056, BLAST081 and BLAST101) the dust continuum and some of the line emission peak at different positions.
One can immediately note that the three proto-stellar cores that were mapped (BLAST024, BLAST081 and BLAST082) have a much more regular shape than the starless ones. We also note that the maps of sources BLAST024 and BLAST081 are partly affected by artefacts, likely caused by bad weather during the observations at Mopra, which show up as sharp drops of the integrated intensity, particularly in the maps of the HCO + (1 − 0) line. We can also see that in source BLAST082 two separate, smaller cores have been identified. In terms of the molecular tracers observed, we note that there are clear differences in the spatial distribution of emission from different molecular species. These morphological differences are more evident in the starless cores (but also, for example, in the proto-stellar core BLAST081) and suggest both physical and chemical differences among the observed sources.
We may summarize the wide variety of spatial morphologies observed as follows: very early and cold starless cores appear to have an irregular shape (e.g., BLAST009) in most or all molecular tracers mapped at Mopra. Some warmer cores (e.g., BLAST031) and cores at the transition phase from starless to proto-stellar (BLAST063, see Section 4.5) appear to be more compact. Finally, proto-stellar cores all show a more regular shape and narrow radial intensity profiles (see Section 3.6). Throughout the rest of the paper we will thus discuss how, besides to morphological differences, these cores also show physical and chemical variations, which may be associated to different evolutionary phases. 
Temperature and optical depth from hyperfine structure fits
The excitation temperature, T ex , and the line optical depth, τ, which are required to estimate the molecular column densities (see Sect. 3.5.1) could only be determined in those sources where molecules with a hyperfine structure (hfs, hereafter) were detected, i.e., N 2 H + , HCN and H 13 CN, and/or when both the HCO + (1 − 0) and H 13 CO + (1 − 0) lines were detected.
In the molecules with a hfs, we used method "hfs" of the CLASS program to determine both T ex and τ. In those cases where both HCO + and H 13 CO + were detected, the optical depth was estimated from their line intensity ratio, assuming the same excitation temperature for the two isotopic molecular species and using the abundance ratio [HCO + ]/[H 13 CO + ]≃ 40 (Zinchenko et al. 2009 ).
For the purpose of estimating the column density later, in those sources where the hfs method could not be used for one or more molecules (for example because of low SNR), or if only HCO + was detected but not H 13 CO + , the values of both T ex and τ for a given molecular species were assumed to be the averages of the parameters estimated from the detected molecular transitions in the same source.
Temperature and optical depth from NH 3
The single-point spectra of the NH 3 (1,1) inversion line, obtained with the Parkes telescope, are shown in Figure B .8 of the Appendix. The (2,2) line has been detected towards nine sources (mostly proto-stellar). We attempted to map the NH 3 (1,1) transition toward BLAST063, but we did not detect the line due to insufficient SNR in the individual scanning positions.
Method "nh3" of the CLASS program, similar to method "hfs" described above, was used to fit the NH 3 (1,1) line and resulted in the parameters T ⋆ A τ, τ and FWHM listed in Table 4 . Due to the fact that the hfs components of the NH 3 (2,2) line were not detected (with the exception of source BLAST024), the line parameters were derived from a standard Gaussian fit to Table 1 ), and the vertical arrows indicate that the corresponding T k is an upper limit. The dashed line indicates the
the main component of the NH 3 (2,2) hyperfine structure and are listed in Table 5 . We then determined the kinetic temperature, T k , and NH 3 column density using both NH 3 (1,1) and (2,2) transitions, in those sources where the (2,2) line was indeed detected. In these cases we were able to determine the rotational temperature, T 12 (and thus T k ), and the column density using the method of Ungerechts et al. (1986) and Bachiller et al. (1987) . In this method the required data were: (i) the product τ(T ex − T bg ) for the (1,1) line, where T ex and T bg = 2.725 K are the excitation and background temperatures, respectively, and τ is the optical depth; (ii) the linewidth ∆V(1, 1); and (iii) the (2,2) integrated intensity. Once T 12 has been estimated, the kinetic temperature can be determined using the analytical expression of Tafalla et al. (2004) :
which is an empirical expression that fits the T 12 −T k relation obtained using a radiative transfer model. For those sources where the NH 3 (2,2) transition was not detected, we could only determine an upper limit to T k (shown in Figure 2 ). However, in order to obtain an estimate of the column density, and thus of the mass, for these sources we adopted the BLAST-derived temperature, T d , as an approximation for T k , which turns out to be a reasonably good assumption, as discussed below. For those sources with an independent estimate of T k we compared the resulting kinetic temperatures with the BLASTderived dust temperatures, as obtained by Olmi et al. (2009) , and we show the results in Figure 2 . This comparison between T k and T d , when applied separately to starless and proto-stellar cores, is affected by the few detections of NH 3 (2,2) toward starless cores, and by the relatively high spread in the values of the T k /T d ratio. In fact, for the two starless cores (BLAST047 and BLAST063; see also Section 4.5) where this ratio could be measured we obtain a mean value T k /T d = 1.4, whereas for the proto-stellar cores we get a median value
When all cores are considered together, we get a median value T k /T d = 1.2 ± 0.2, i.e., the median value is dominated by the proto-stellar cores. A tentative explanation for the fact that T k tends to be slightly higher than T d could be that the NH 3 observations are sampling regions that are somewhat warmer compared to the BLAST-derived T d measurements. In fact, the BLAST observations are likely to average the temperature on much larger volumes of dust and, in addition, in the less dense regions there could be a systematic difference between T d and T k . In the literature both cases of systematic departures between dust and gas temperature, i.e. T k < T d or T k > T d , can be found (e.g., Kruegel & Walmsley 1984 , Pirogov & Zinchenko 1993 . The dust and gas temperature may be affected by various effects, and a more detailed analysis of these effects in our sources is beyond the scopes of the present work.
Kinematics
Velocity gradients
We investigated the presence of systematic velocity gradients in those sources which could be mapped. In particular, the velocity gradient of a gas clump can be determined by using all or most of the data in a map at once, by least-squares fitting maps of linecenter velocity for the direction and magnitude of the best-fit velocity gradient (see Goodman et al. 1993 and references therein) .
A cloud undergoing solid-body rotation would exhibit a linear gradient, dV/dr, across the face of a map, perpendicular to the rotation axis. Thus, we have applied the procedure developed Table 6 . The bottom panels show the position-velocity plots, with the horizontal axis representing the angular offset along a direction parallel to the velocity gradient shown by the arrows in the top panels. Note the different direction of the velocity gradient in the two molecular tracers.
by Goodman et al. (1993) and Olmi & Testi (2002) to determine the magnitude and direction of the velocity gradient in our spectral line maps. Our best results are listed in Table 6 , and are restricted to the HCO + (1 − 0) and HNC(1 − 0) lines. We note that for most sources with measured velocity gradients in both lines, the two separately estimated values of dV/dr and θ v are consistent, within a 50 % difference. However, the velocity gradient measured in the HNC map of core BLAST040 is quite small and thus its direction can be affected by large uncertainties. Thus the largest discrepancies between the two tracers are observed in the two proto-stellar cores BLAST081 and BLAST082, and also in the starless core BLAST013.
The position-velocity plots for the proto-stellar core BLAST081 are shown in Figure 3 . The top panels show the maps of V lsr for the HNC(1 − 0) and HCO + (1 − 0) lines, as obtained from Gaussian fits to the spectra at each observed position. The arrows represent the direction and magnitude of the velocity gradient as obtained from the procedure described above. We note the significant difference between the directions of the velocity gradients as measured in the HNC and HCO + maps. It is not clear whether this discrepancy is real or may be caused by the presence of some artefacts in the HCO + map of BLAST081, as noted in Section 3.1. On the other hand, source BLAST082 has no visible artefacts, and it is thus possible that in both protostellar cores the different velocity gradients in the HNC and HCO + maps are real and are tracing different systematic motions. One of these velocity gradients could be associated with a molecular outflow, as suggested by the presence of line-wings in the HCO + (1 − 0) spectra (see Table C .4).
Line asymmetries
The HCO + (1 − 0) line is generally the most intense transition observed with the Mopra telescope in each source, and it does not have a hyperfine structure. Therefore, it represents the ideal candidate to identify and analyze asymmetries of the line profile. In fact, the HCO + (1 − 0) line shows a non-Gaussian profile toward several sources (see Table C .4), and in some cases unambiguous wing emission is detected, indicating the likely presence of a molecular outflow. By inspecting Table C.4 we also note a moderate shift, up to ∼ 1 km s −1 , between the peak positions of the generally optically thick HCO + (1 − 0) line and optically thin H 13 CO + (1 − 0) transition. We can give a quantitative estimate of this asymmetry in order to get some indirect information about dynamical processes in the cores.
A widely used method to extract line asymmetries is based on the comparison of optically thin and optically thick line velocities, i.e., determining the parameter δV = (V thick − V thin )/∆V thin (Mardones et al. 1997) . In this way we can divide our cores in "blue shifted" cores, with δV < 0, and "red shifted" cores with δV > 0. The blue shifted values of δV could be caused by infall motions and the red excess by expanding motions or outflow.
We identified 13 sources where the HCO + (1 − 0) and H 13 CO + (1 − 0) linewidths could be measured and in Figure 4 we show the distribution of their δV parameter, with V thick and V thin being determined from the HCO + (1 −0) and H 13 CO + (1 −0) lines, respectively. We also estimated the typical error on δV and then used the same ±5σ δV threshold as Mardones et al. (1997) to exclude those sources where the V lsr differences were dominated by measurement errors. We estimated 5σ δV ≃ 0.4 − 0.6, thus in Figure 4 a typical value 5σ δV ≃ 0.5 is used. Only three cores show a significant blue shift (BLAST044, BLAST090 and BLAST093), and two a red shift (BLAST003 and BLAST053). From the red excess candidates we have to exclude BLAST053 which has a weak and noisy H 13 CO + (1 − 0) spectrum.
Derivation of masses
From our spectral line data we can derive masses from the gas column density, M cd , as well as virial masses, M vir , which we can then compare with the BLAST-derived masses, M blast , estimated from the dust continuum. Clearly, while the virial masses refer to the total gas mass, with M cd we can only determine the mass of a given molecular species. The total gas mass can only be determined by assuming specific molecular abundances; or, alternatively, we can give a coarse estimate of the molecular abundance by taking the ratio M cd /M blast (see Section 4.1). The isotopologues observed by us, H 13 CO + and H 13 CN, are generally too weak to allow derivation of column densities throughout the maps, and thus we use only the main molecular species, attempting to correct for first-order optical depth effects.
Mass derived from column density
The calculation of masses from the column density assumes LTE and we determine the molecular gas mass integrating the molecule column density over the extent of the source. Then we can write:
where N mol dΩ is the molecule column density integrated over the region enclosed by the chosen contour level, m mol is the mass of the specific molecule being considered, and d is the distance to the source. The column density N mol corresponding to a J → J − 1 rotation transition can be calculated as:
where B denotes the rotational constant, E J is the upper state energy, µ is the dipole moment (in Debye) and we used the escape probability τ/[1 − exp(−τ)] to account for first-order optical depth effects. The derivation of both T ex and τ has been discussed in Section 3.2. For kT ex >> hB the partition function, Z, of a linear molecule is given by:
where h and k are the Planck and Boltzmann constants, respectively. Eq. (2) is actually implemented by writing: where N mol (x i , y i ) represents the column density in a single pixel (x i , y i ) of the map, with n pix representing the total number of pixels, and ∆Ω pix represents the solid angle covered by a single pixel. The map pixels selected are those that have an integrated intensity I ≥ σ map , and also lie within an 1/e radius from the center of a 2D Gaussian fit to the core, for each specific molecule. Assuming that a line is detected if at least two adjacent velocity channels lie above the 3σ rms level of the spectrum, then we calculate the RMS of the integrated intensity in the map simply as σ map = 2(3σ rms )∆v, where ∆v is the channel width. We thus select only those pixels that belong to the actual "core" of the source, and remove pixels that come from extended diffuse envelopes. The resulting masses are listed in Table 7 .
Virial mass
We then estimate the virial mass of the cores assuming they are simple spherical systems with uniform density (MacLaren et al. 1988) :
where R dec is the deconvolved source radius and ∆V av represents the line FWHM of the molecule of mean mass, calculated as the sum of the thermal and turbulent components:
where ∆V mol is the line FWHM of the molecular transition being considered and m av = 2.3 amu is the mean molecular weight (with respect to the total number of particles), assuming a mass fraction for He of 25%. We note that according to MacLaren et al. (1988) , Eq. (6) may lead to a mass overestimate if the density distribution is not uniform. For example, in the case of a sphere with a density distribution ρ ∝ r −2 the numerical factor in Eq. (6) should be replaced by 126.
As the deconvolved source radius we used the BLASTderived values of Olmi et al. (2009) . We decided to use the BLAST sizes, to estimate the virial masses, instead of the Mopra-derived sizes for two main reasons: (i) the linewidths Table 7. are mostly measured from the single-point spectra of NH 3 , and where NH 3 was not observed or not detected we used the observations of N 2 H + , for which only a few maps were available; (ii) the BLAST maps are not affected by spatial variations that may instead affect specific molecules and thus likely give a better representation of the mass distribution in each source.
As previously stated, the line FWHM is calculated from the NH 3 (1,1) single-point spectra toward each source, if available, or from the N 2 H + (1−0) line otherwise, since these molecules are less likely to be affected by depletion, they trace the denser gas and are mostly optically thin. The linewidths determined by the fit procedure are artificially broadened by the velocity resolution of the observations, and thus we subtracted in quadrature the resolution width, ∆V res , from the observed line FWHM, ∆V obs , such that ∆V mol = ∆V 2 obs − ∆V 2 res .
The resulting virial masses are listed in Table 7 and a plot of the total core mass, M blast , as derived from BLAST, vs. the virial mass is shown in Figure 5 . We note that nearly all of the starless cores lie below the self-gravitating line, indicating that they are unlikely to be gravitationally bound, whereas more than half of the proto-stellar cores lie near or above that line, confirming that they are gravitationally bound (about 30% of all sources have M core /M vir > 0.5). However, as we mentioned above, for a non-uniform density distribution (see Section 3.6), e.g. of type ρ ∝ r −2 , all virial masses should be multiplied by a factor 0.6. In this case, most of the proto-stellar cores would move above the self-gravitating line and also most of the starless cores would be located near that line (about 60% of all sources have M core /M vir > 0.5 in this case).
Radial profiles of column density
In order to identify significant differences in the distribution of both molecular gas and dust continuum, we have derived radial profiles of the column density from both the BLAST maps at 250 µm and from the Mopra maps of the integrated intensity of the different molecular transitions. While the BLAST 500 µm measurements would be somewhat less affected by optical depth effects, we have chosen to compare our molecular data to the BLAST 250 µm measurements since they are closely matched to the Mopra beam. Previous work has shown that single-power-law density, or column density, profiles do not fit the emission from dense cores and that a central flattening is always needed to reproduce the data (e.g., Tafalla et al. 2002 and references therein) . Among the standard analytic profiles that combine the power-law behavior of column density for large radii r and a central flattening at small r, is the following function:
where the column density is approximately uniform, with N ∼ N flat , for r ≪ R flat , and it falls off as r −η for r ≫ R flat . In the fitting procedure we first circularly average the maps of the integrated intensity of selected molecular transitions around the peak, and then use a χ 2 routine to fit the column density profile, obtained from the integrated intensity with Eq. (3), using the model given by Eq. (8), after convolution with a 2D Notes.
Mean value estimated from NH 3 abundances listed in Table 10 .
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′′ Gaussian. The procedure is then repeated for the BLAST250 maps. The column density profiles obtained from the spectral line maps and the dust continuum maps are then compared to find any possible evidence of chemical effects such as, for example, freezing-out on grains.
The results of the radial profile fits to individual sources are listed in Table 8 , while in Table 9 we list the average values of the parameters η and R flat , i.e. η and R flat , obtained by selecting only fits to the radial profiles that converged. We can note several trends: first, apart from the large scatter observed in the case of the N 2 H + and HNC molecules, the R flat values are quite consistent within the errors. Second, the value of η for the N 2 H + molecule is significantly higher compared to the other molecules although, once again, the HNC molecule shows a larger scatter. We tentatively note a trend of decreasing η values from HNC to HCO + and then HCN, but given the errors this cannot be considered significant. We also note that the large uncertainty in the R flat value for N 2 H + is due to the BLAST063 source. If this source is not included, then we would have R flat [N 2 H + ] = 28.5 ± 3.2, quite close to the values estimated for HCN and HCO + .
As a final trend, when comparing the radial profiles obtained by the BLAST dust continuum with those of the molecular tracers, Figure 6 shows that, at least for the two cores shown in the figure, the agreement between the radial profiles of the molecular tracers and of the dust continuum is better for the starless core (BLAST063). In order to get a quantitative comparison, we have applied the two-sample Kolmogorov-Smirnov test (K-S test) to the BLAST-and Mopra-derived radial profiles. The K-S test evaluates the maximum deviation between the cumulative distribution functions of the two data sets and also the associated probability, p ks (0 < p ks < 1), that two arrays of data values are drawn from the same distribution. Small values of p ks show that the cumulative distribution function of one data set is significantly different from the other. For the two sources shown in Figure 6 we get an average value of p ks = 0.66 for BLAST063 and p ks = 0.24 for BLAST082, confirming that in BLAST063 the dust and molecular gas radial profiles are more similar than in BLAST082.
However, it is clear comparing the radial profiles and also the integrated intensity maps, that the starless cores have a wider range of morphologies, with sources showing a good agreement between the dust continuum and the molecular radial profiles (although not necessarily in all molecular tracers, e.g., in sources BLAST013 and BLAST031), and sources where this agreement is less evident (e.g., in BLAST056 and BLAST063). These differences suggest that the starless sources in our sample are currently in different evolutionary phases.
Discussion
In this section we will describe how the results obtained in Section 3 allow us to determine the relative molecular abundances, and in particular how these abundances vary as a function of the radial distance in both starless and proto-stellar cores. We will also discuss how the relative molecular abundances can be used to roughly estimate the chemical evolutionary status of the sources. In the last part of the section we will analyze the degree of correlations among various physical and chemical parameters, which will also allow to highlight further differences between starless and proto-stellar cores.
Determining molecular abundances
As we mentioned earlier, we have estimated the molecular abundances by comparing the molecular gas mass, M cd , with the total gas mass, M blast , estimated by the BLAST measurements of the dust continuum, i.e., X mol = M cd /M blast . We prefer this method to the alternative technique of obtaining X mol by means of a pixelby-pixel comparison of the column densities in the Mopra and BLAST maps, which could be affected by differences in the spatial distribution of the spectral line and dust continuum emission. The estimated abundances are shown in Table 10 and their average values are listed in Table 9 . The large uncertainties in the estimated abundances are likely the consequence of uncertainties in the derivation of the BLAST masses, of the different spatial distribution of the molecular gas and the dust, and possibly also of different chemical evolutionary phases (see the discussion in Sections 4.2 and 4.3).
The average value of X(N 2 H + ) = (7.3 ± 5.4) 10 −11 listed in Table 9 is consistent with that found by, e.g., Blake et al. (1995) in NGC1333 and also by Zinchenko et al. (2009) in S187 and W3. However, it is relatively low compared to mean values found in other cloud cores. For example, Womack et al. (1992) and Benson et al. (1998) found mean values of X(N 2 H + ) of 4 × 10 −10 and 7 × 10 −10 , respectively, from various samples. From Table 9 , we can also determine the average values of some relative abundances: X(HCN)/X(HNC) ∼ 1.8, X(HNC)/X(HCO + ) ∼ 0.3, and X(HCN)/X(HCO + ) ∼ 0.6. The value of X(HNC)/X(HCO + ) agrees reasonable well with that estimated by Godard et al. (2010) (0.5±0.3), whereas the other two relative abundances, X(HCN)/X(HNC) and X(HCN)/X(HCO + ) both appear to be somewhat lower compared to the estimated values (4.8 ± 1.3 and 1.9 ± 0.9, respectively) of Godard et al. (2010) , though all estimates have large ( > ∼ 50%) uncertainties.
Radial profiles of relative molecular abundances
The computation of the absolute molecular abundances is affected by our ability to determine the mass distributions of both a specific molecular tracer and of the total mass. In particular, the spatial distribution (i.e., pixel-by-pixel) of the total mass, as determined from the dust continuum, is seriously affected by our ability to estimate and subtract the local background emission.
In order to avoid these difficulties, we have decided to evaluate only the spatial distribution of the relative molecular abundances, which depend solely on our Mopra observations and are not affected by variable levels of background in the bolometers maps. In Figure 7 we show the source-averaged, radial profiles of the normalized relative abundances [ . The abundances are normalized with respect to the peak value. The top and bottom panels show the resulting averages for all starless and proto-stellar cores, respectively, where data were available. Pixel size as in Figure 6 . Table 7. rate source, the relative abundances are normalized with respect to the observed maximum value, as a function of radius. We then take the median values of these normalized relative abundances in each sub-sample of sources. The advantage of using the normalized values is to be less affected by the variations of the absolute values of the abundances from source to source, and highlights instead the behaviour of the abundances as a function of radius. Therefore, in Figure 7 we note that while in the protostellar cores the [ A detailed comparison of these radial profiles with simulations obtained using recent chemical models (e.g., Lee et al. 2004 , Aikawa et al. 2008 , which follow the chemical evolution of a source both as a function of time and of radial position, is difficult because they usually model the chemistry of the source only out to a radius ∼ 1 − 2 × 10 4 AU, a size lower than that (26600 AU) covered by the Mopra beam at the distance of Vela-D.
However, we note that some features present in Figure 7 are consistent with, e.g., the model of Lee et al. (2004) . The faster drop-off at large angular radii of the radial profile of the [N 2 H + ]/[HCO + ] ratio in proto-stellar cores is consistent with the molecular abundance profiles after collapse discussed by Lee et al. (2004) , though they are not consistent with similar radial profiles discussed by Aikawa et al. (2008) . Also, the fact that in Figure 7 the peak of the [HCO + ]/[HCN] ratio in starless cores is slightly off-center could be a consequence of HCO + depletion, which is more effective in decreasing the column density of HCO + toward the center of the sources and is more effective at earlier times. In fact, Lee et al. (2004) have shown that depletion initiates during the pre-collapse phase and proceeds through the collapse of the source.
Chemical status of the cores
In this section we further discuss some chemical implications of the relative molecular abundances. It is often found in the literature that some molecules are classified either as "earlytime" (10 4 − 10 6 years after the onset of chemistry) or "latetime" species (maximum abundances reached at steady state, af- Hirota et al. (1998) .
According to gas-phase chemical models, HCN and HNC are mainly produced by a dissociative recombination reaction of the HCNH + ion with an electron (see Hirota et al. 1998 and references therein):
The branching production ratio of HCN, α, is defined as CO + ] ratio is maximum, ∼ 15) to more evolved objects where the ratio is minimum (∼ 3). Note, however, that the objects studied by Fuente et al. (2005) are on average more evolved than those in our sample of cores in Vela-D.
Correlations between parameters 4.4.1. Column density correlations
We can use the molecular column densities estimated in the previous sections to compare the behavior of the molecules. If we analyze molecules with different critical densities, we would expect their molecular transitions to be emitted in different volumes of gas, in the presence of density gradients. Likewise, molecules with similar critical densities will be excited in the same volume of gas, in the absence of strong abundance gradients.
We performed this test only in those sources where spectral line maps were available, to ensure that we integrate over all molecular emission. Thus, in these correlation plots all information about the specific spatial distribution of the different molecular tracers is lost. In addition, the inclusion in this analysis of spectral line maps only, dramatically decreases the size of the sample, which also represents a range of masses, chemistries, and evolutionary states.
Our results are presented in Figure 8 , where we have used the Bayesian IDL routine LINMIX ERR to perform a linear regression, to find the slope of the best fit line in each case. In the top Fig. 9 . Median core size (left panels) and median linewidth, ∆V (right panels) vs. n eff (at 15 K), shown separately for a sub-sample of proto-stellar (top row) and starless (bottom row) cores. The plot of ∆V vs. n eff makes use of the single-point observations, instead of spectral line maps as in the left panels, allowing for more molecular lines to be used. The effective densities are listed in Table 2 . The plot also includes some detections of the HC 3 N(1 − 0) line, with n eff = 2.5 × 10 4 . The solid line represents the linear fit (from Bayesian statistics) to all points. panel we plot the column density of HCO + vs. the column density of HCN. HCN should be a higher-density gas tracer, compared to HCO + ; however, despite a considerable scatter, the two column densities show a modest correlation, with a Spearman rank coefficient > 0.5. The column densities of HCN and its isomer HNC also appear to be well correlated (correlation coefficient = 0.75) in the middle panel of Figure 8 . Finally, in the bottom panel, we also compare the column densities of the chemically opposite species N 2 H + and HCO + . The few points in this panel are a consequence of the fewer available maps for N 2 H + compared to the other molecular tracers. However, we still see a correlation between the two column densities (correlation coefficient > 0.5).
The variable degree of correlation and the scatter in Figure 8 is an indication of source-to-source variations in the physical and chemical conditions. However, these qualitative trends are remarkable given the diversity of our sources and relatively small sample size.
Correlations with n eff
The molecular transitions observed by us are characterized by a range of critical densities, thus allowing us to examine how specific physical parameters change as a function of the gas traced by a specific line. However, instead of using the critical density, n crit , in our analysis we prefer to use the effective density, n eff , to characterize the volume of gas where a given spectral line is generated. As discussed in Evans (1999) , the ability to detect a transition is usually associated with a number density larger than n crit , but lines are also easily excited in subthermally populated gas with densities more than an order of magnitude lower than n crit .
To account for effects such as optical depth, multilevel excitation effects, and trapping, we use the definition of Evans (1999) , where n eff represents the density needed to excite a T R = 1 K line (where T R is the observed radiation temperature) for a given kinetic temperature, as calculated with a non-LTE radiative transfer code. We specifically calculated the effective densities of our molecular tracers by using the online version of RADEX (van der Tak et al. 2007 ), a non-LTE radiative transfer code, assuming log(N/∆v) = 13.5 cm −2 /(km s −1 ) (see Evans 1999 ) and a kinetic temperature of 15 K for all species (see Table 2 ). Figure 9 shows the (deconvolved) core diameter, as determined from the molecular intensity maps, as a function of n eff . The observed core diameter is estimated using the area enclosed within the half-peak intensity contour and then deconvolved using the standard Gaussian deconvolution with the Mopra beam. We then take the median value of the size (using the selected sources listed in Figure 9 ) and plot it as a function of n eff in Figure 9 , where the error bars represent the median absolute deviations. By comparing the values of the measured core diameter in starless and proto-stellar cores we note that for the same value of n eff the starless cores have on average a larger size. Figure 9 also shows the source linewidth, ∆V, measured from single-point spectra, as a function of n eff . Because in this case we are using the single-point observations, we could include in the plot almost all molecular transitions listed in Table 2 . Furthermore, since linewidths may be broadened by optical depth effects, for Figure 9 we selected only those source/line cases with τ < 1. We note that no significant difference in ∆V is observed, for the same value of n eff , between proto-stellar and starless cores, but we find that in starless cores ∆V and n eff are correlated. In fact, as for the case of Figure 8 we have used the IDL routine LINMIX ERR to perform a linear regression, and we find a Spearman rank coefficient of 0.97 for the starless cores. However, this correlation coefficient drops to 0.23 for the protostellar cores.
Linewidth-temperature correlation
Since there is no single measurement that can determine the "exact" evolutionary stage of each source, as a further test to help estimate the status of the cores in our sample we plot in Figure 10 the linewidth vs. the core temperature. In order to avoid possible optical thickness effects, the figure only includes the linewidths of the (mostly) optically thin molecular tracers, i.e., N 2 H + and the two isotopologues H 13 CO + and H 13 CN. From this plot we also had to eliminate those sources with a poor determination of the linewidths because of weak lines and/or noisy spectra. Figure 10 thus shows that there is a clear segregation in temperature between starless and proto-stellar cores. The figure also shows that there is a modest correlation between linewidth and temperature. As for the case of Figure 8 we have used the IDL routine LINMIX ERR to perform a linear regression, and we find a Spearman rank coefficient of 0.47. This modest correlation is confirmed by the fact that the median values of the linewidth determined for the starless and proto-stellar cores are 1.4 ± 0.4 and 1.6 ± 0.6 km s −1 , respectively (see Table 11 ), which are consistent within the errors. Figure 10 also 
Comments to specific sources mapped with the Mopra telescope
In this section we further discuss some starless and proto-stellar cores that have been mapped at Mopra, including the "transition" source BLAST063. BLAST024. This source is a compact proto-stellar core, where the spatial distribution of the emission of all main tracers observed by us is centered on the BLAST dust core. Wing emission is detected in the single-point HCO + (1 − 0) spectrum, suggesting the presence of a molecular outflow. However, due to the low SNR in our maps, we could not produce an image of the outflow, as it is the case also for sources BLAST081 and BLAST082.
BLAST031. This is a moderately compact starless core, where the HCN(1−0) and HCO + (1−0) emission trace quite well the BLAST continuum emission, but the HNC(1 − 0) emission is seen to peak at an offset position compared to the BLAST emis-sion and the other two molecular probes. Such offsets are also found toward other sources (see below).
BLAST034. This is an irregularly shaped, starless core which shows two well separated velocity components in the single-point HCO + (1 − 0) spectrum, with the main (mapped) component being the low-velocity one (≃ 2 km s −1 ). The two velocity components are also detected in the HNC(1 − 0) spectrum.
BLAST047. This source also shows a double-peaked HCO + (1 − 0) spectrum. However, both the channel map of the HCO + (1 − 0) emission and the spatial distribution of the HNC and HCN(1 − 0) emission (see Figure A. 2) suggest that HCO + is self-absorbed at the position of the BLAST peak. One can also note that HCN, and especially HNC, trace very well the BLAST contour plots.
BLAST063. This source is the most intense starless core mapped by us at Mopra. This core has been classified throughout this paper and was originally classified as starless by Olmi et al. (2009) because no MIPS compact source at 24 µm could be found at its location. However, we have found that the singlepoint HCO + (1 − 0) spectrum shows line-wing emission, indicating the presence of a molecular outflow, which should actually change the source type from starless to proto-stellar. The fact that no 24 µm emission is detected toward this core, though a molecular outflow is already active, suggests that the protostellar core has just formed and is thus in an earlier stage compared to BLAST024, BLAST081 and BLAST082. Therefore, this core could tentatively be classified as being in a "transition phase" from starless to proto-stellar. We also note that this source has an elongated shape, and we can see that the HCN(1 − 0) and HNC(1 − 0) emission trace very well the BLAST continuum emission, whereas there is an offset between the HCO + (1 − 0) emission and the dust emission.
BLAST081. This source is another compact proto-stellar core mapped with the Mopra telescope. Despite some artefacts visible in the HCO + (1 − 0) map (see Figure A .4) we note that while the N 2 H + (1 − 0) and (possibly) HCO + (1 − 0) emission follow closely the BLAST continuum emission, the emission of the two isomers HCN and HNC peak at an (identical) offset position compared to the BLAST maximum. This is the only example of such an offset observed among the three proto-stellar cores mapped with the Mopra telescope, though it is also partly observed toward the early proto-stellar core BLAST063. Since our sensitivity was not high enough to map the optically thin isotopologues, such as H 13 CO + and H 13 CN, we cannot determine at present whether this offset is due to optical depth effects or chemical variations. As in BLAST024, the HCO + (1 − 0) spectrum shows line-wing emission, indicating the presence of a molecular outflow.
BLAST082. This source is the third compact proto-stellar core mapped at Mopra. Contrary to BLAST081, all mapped molecular tracers are well centered on the BLAST continuum emission and also follows quite well the less dense material. However, the HCN(1 − 0) and HNC(1 − 0) maps show an additional smaller core, located at (∆l, ∆b) ≃ (−60 ′′ , −60 ′′ ) (see Figure A .4), which is not visible in the HCO + (1 − 0) map. This sub-structure may be a consequence of core fragmentation and the difference observed in the various molecular tracers may indicate a different chemical status compared to the main core. Then, like BLAST034 and BLAST047, the singlepoint HCO + (1−0) spectrum is also double-peaked, but the channel map suggests this is the consequence of two velocity components aligned along the line of sight. Like BLAST024 and BLAST081 the HCO + (1−0) spectrum also suggests the presence of a molecular outflow. Line wings in the HCO + (1 − 0) spectrum are also observed toward other sources, as listed in Table C .4.
Median properties of starless and proto-stellar sources and comparison with other surveys
In this section we summarize the main differences between starless and proto-stellar cores, by presenting a list of their median properties in Table 11 . For comparison, we have also included source BLAST063 which we have defined as a transition source between the two classes of objects. One can note that the starless cores appear to be moderately colder and less turbulent compared to the proto-stellar sources, though the differences are within the uncertainties. The linewidths have been averaged among all optically thin tracers (N 2 H + (1 − 0), H 13 CO + (1 − 0) and H 13 CN + (1 − 0)) and all sources. The lower temperature of the starless cores is simply a consequence of the analysis carried out by Olmi et al. (2009) , but we now find that also their linewidths do not strongly differ from those of the proto-stellar cores.
We do find a more significant difference between starless and proto-stellar cores when we consider the radial profiles of the column densities. By using the results of Section 3.6 the median values of the parameters R flat confirm that the proto-stellar cores are more compact on average. The parameter η, on the other hand, is subject to larger uncertainties, also due to our relatively low spatial resolution at the distance of Vela-D, and no definitive statement can thus be made. We note that the larger R flat measured toward the starless cores agrees well with the conclusion of Caselli et al. (2002) . In fact, these authors found that while proto-stellar cores in their sample (which includes sources from various star forming regions) were better modeled with single power-law density profiles, the starless cores presented a central flattening in the integrated intensity profile.
In terms of the kinematics of the cores, our findings are also very similar to those of Caselli et al. (2002) . In fact, we find an average value for the velocity gradient in our sample (from the HCO + results listed in Table 6 ) of 1.4 ± 0.3 km s −1 pc −1 , and we do not find significant differences between starless and proto-stellar cores. This is consistent with the typical value of 2±1 km s −1 pc −1 found by Caselli et al. (2002) in their sample. In terms of the equilibrium status of the cores, Caselli et al. (2002) found that their "excitation mass" to virial mass ratio is typically M ex /M vir ≃ 1.3, for both classes of cores. From Table 11 , on the other hand, we can see that both starless and proto-stellar cores have 0.5 < ∼ M core /M vir < ∼ 1. Therefore, while the M core /M vir ratio is somewhat lower compared to the results of Caselli et al. (2002) (but this may also be a consequence of the different methods to calculate the core masses) it is still very near or beyond the self-gravitating threshold of 0.5. We also find that in protostellar cores the M core /M vir ratio is slightly larger than in starless cores, though they are still consistent within the errors.
In Table 11 we have also included the median values of the average total internal pressure (not the edge pressure), P tot , of each core in Vela-D for which we have measured (optically thin) linewidths. The values of P tot have been calculated following the method described by Olmi et al. (2010) and are given in the usual cm −3 K units for P tot /k. We note that in proto-stellar cores the median internal pressure is much higher than in starless cores, as expected. However, the confinement of the cores is of concern only for those sources (mostly starless) that are gravitationally unbound. Therefore, the starless cores which are gravitationally unbound according to the M core /M vir ratio can be stable (against expansion) only if their edge pressure is less than the local ambient pressure (of order P ext /k ∼ 5 × 10 5 cm −3 K in Vela-D, see Olmi et al. 2010) . Pressure confined cores have been previously discussed, for example, by Lada et al. (2008) and Saito et al. (2008) . Alternative sources of support could come from the magnetic field (see Olmi et al. 2010 and references therein), or the gravitationally unbound cores must otherwise be transient structures.
As far as chemical properties are concerned, Table 11 shows that the values of the relative abundance [N 2 H + ]/[H 13 CO + ] for the starless and proto-stellar cores are quite similar. Thus, as noted in Section 4.3 we do not find any trend based on this ratio, as it has been suggested by Fuente et al. (2005) . However, in Table 11 we note that the [NH 3 ]/[N 2 H + ] abundance ratio is significantly larger toward starless cores, though we had only two starless cores where we could effectively measure this ratio. This trend, if not the quantitative difference between the two classes of objects (because of the low statistics), is consistent with the findings of Friesen et al. (2010) , who concluded that the relative fractional abundance of NH 3 to N 2 H + remains larger toward starless cores than toward protostellar cores by a factor of ∼ 2−6.
These properties, and in particular the fact that many of the starless cores are gravitationally bound (hence, pre-stellar), suggest that at least most of the pre-stellar cores observed by us are indeed the precursors of the proto-stellar cores and not just transient objects following a different evolutionary path. Their similar median temperature and linewidths indicate that the envelopes of the sources have not had enough time to "register" the emergence of a protostar inside the core. In turn, this also means that most of the turbulence in the proto-stellar cores observed by us is generated prior to the appearance of a warm object inside the core.
Therefore, it appears that the transition from the pre-to the proto-stellar phase is relatively fast, leaving the core envelopes with almost unchanged physical parameters. Alternatively, if most proto-stellar cores observed had not had much time to evolve after the appearance of a protostar, this might also explain the similar median temperatures and linewidths of the two source types. However, the latter hypothesis seems less likely given that among our selected proto-stellar cores are also sources relatively evolved (see Olmi et al. 2009 and references therein) .
In this respect, despite the uncertainties it is of interest to note that the values of the parameters R flat , η and FWHM of source BLAST063 are somewhat intermediate between those of starless and proto-stellar cores. But, if the transition phase from pre-to proto-stellar is indeed fast, then one should not expect to detect many such transition objects, and their properties may be indistinguishable from those of either class of sources. More systematic observations of larger samples of sources are required to further study this issue.
Summary and conclusions
We presented 3-mm molecular line observations of the Vela-D region obtained with the 22-m Mopra radio telescope and 1.3 cm NH 3 observations carried out with the Parkes antenna. In total 8 molecular lines were analyzed in 40 sources, both starless and proto-stellar cores, previously detected by BLAST. A total of 20 spectral line maps were obtained. The results of our study can be summarized as follows:
1. Our spectral line maps show a wide variety of morphological types: very early and cold starless cores appear to have an irregular shape (e.g., BLAST009) in most or all molecular tracers mapped at Mopra. Some warmer cores (e.g., BLAST031) and cores at the transition phase from starless to proto-stellar (BLAST063) appear to be more regularly shaped and more compact. Finally, proto-stellar cores all show a more rounded shape and narrow radial intensity profiles. 2. We compared the kinetic temperature, T k , derived from the NH 3 (1,1) and (2,2) observations, with the BLAST-derived dust temperature, T d , and found that the median value of their ratio is T k /T d = 1.2 ± 0.2. 3. We found that all proto-stellar sources, and at least 7 starless cores mapped at Mopra, show velocity gradients. In two of the proto-stellar cores the direction of the velocity gradients measured in HNC and HCO + are significantly different, suggesting the possibility that different systematic motions are simultaneously present (one of which likely is a molecular outflow). 4. The analysis of the virial masses showed that nearly all of the starless cores have masses below the self-gravitating threshold, indicating that they are unlikely to be gravitationally bound, whereas more than half of the proto-stellar cores have masses which are near or above the self-gravitating critical value. If a density profile closer to the one actually observed is considered in the calculation of the virial masses, then also most starless cores turn out to have masses near or above the self-gravitating threshold. 5. The average internal pressure of proto-stellar cores is higher than in starless cores, and both are higher than the typical ambient pressure in Vela-D. Cores (mostly starless) not gravitationally bound cannot thus be pressure-confined like, for example, the cores in the Pipe nebula. 6. The radial profile of the ring-averaged integrated spectral line intensity confirmed that proto-stellar cores have on average a more compact structure. We also found that the radial profile of the N 2 H + (1 − 0) emission falls-off more quickly, on average, than that of the C-bearing molecular lines HNC(1 − 0), HCO + (1 − 0) and HCN(1 − 0). 7. We find a variable degree of correlation, with a significant scatter, between the column densities of chemically different molecular species, and also between molecular tracers with different effective densities. We also find that in starless cores the linewidth and effective density are well correlated. Instead, linewidth and temperature are not strongly correlated. 8. The branching production ratio of HCN and also the relatively low [N 2 H + ]/[H 13 CO + ] abundance ratio confirm that all cores in our sample are cold and are on average in early evolutionary phases.
9. An analysis of the median properties of the starless and proto-stellar cores suggests that the transition from the preto the proto-stellar phase is relatively fast, leaving the core envelopes with almost unchanged physical parameters. Notes. Only sources with a single-point observation are listed (see Table 1 ). Undetected sources and unreliable hfs fits are not shown. 
Notes.
Only sources with a single-point observation are listed (see Table 1 ). Undetected sources and unreliable hfs fits are not shown. If two velocity components were detected in a given source, only the more intense component is listed here. Notes. Only sources with a single-point observation are listed (see Table 1 ). Undetected sources and unreliable fits are not shown. If two velocity components were detected in a given source, only the more intense component is listed here. Notes. Only sources with a single-point observation are listed (see Table 1 ). Undetected sources and unreliable hfs fits are not shown. In the 7 th column "NG" indicates a non-Gaussian line profile.
